In the light of the recognized anticancer properties of cisplatin-type inorganic systems, the exact knowledge of their conformational preferences is of the utmost importance for understanding their biological activity. The present study reports the use of theoretical (quantum mechanical) calculations for achieving this goal. An alternative calculation method to the use of the AE basis sets, both accurate and computationally feasible, was presently tested for the conformational and vibrational study of cis-diamminedichloroplatinum(II). Effective core potentials (ECPs) were used, within the HF methodology and, within the B3LYP and mPW1PW DFT protocols. The DFT methods (particularly mPW1PW) were found to be the best choice for describing cDDP (as compared to the HF methodology).
Introduction
The discovery of cisplatin's (cis-diamminedichloroplatinum (II), cDDP) biological activity by Rosenberg 1 opened the door to the use of inorganic agents as chemotherapeutic drugs. The great efficacy of cDDP led to the development and biological evaluation of a large number of related inorganic compounds, 2, 3 in an attempt to overcome cDDP severe side effects and/or to expand its range of activity.
At the moment, an extensive number of inorganic compounds are being subject to biological evaluation. 4, 5 However, prior to the biological analysis, it is important to carry out their chemical characterization mainly through spectroscopic methods, which can turn out to be a very hard task when analyzing large and complex systems. Quantum inorganic chemistry has proven to be a very helpful tool for the interpretation of the experimental spectra. 6, 7, 8 However, when working with transition metal containing systems, some problems arisesnot only does the number of electrons increases substantially (thus requiring a large number of two-electron integrals) but also the relativistic effects become particularly importantsrendering the calculation rather costly.
In a previous publication, 9 the authors have reported an extensive and systematic quantum mechanical study mainly aimed at determining the best theoretical level for describing cDDP (i.e., the best description of the structural parameters and vibrational frequencies) at the lowest computational cost. The effectiveness of Hartree-Fock (HF), density functional theory (DFT) and second-order Møller-Plesset (MP2) theoretical methods and of several standard all-electron (AE) basis sets to describe the nonmetal atoms were evaluated. On the whole, it was found that the best compromise between accuracy and computational cost is achieved at the mPW1PW/6-31G(d) level. Despite the fact that good results were obtained with this approach, the computational efforts may become prohibitive, when larger multinuclear platinum systems are considered. Hence, the requirement of an alternative calculation method that remains accurate but at the same time allows the applicability to more complex systems is fundamental.
In the present work, the Effective Core Potentials (ECPs) 10 approximation is applied in order to perform a conformational and vibrational study of cDDP, as an alternative to the use of the AE basis sets. The study includes both HF and B3LYP and mPW1PW DFT methodologies. The MP2 theoretical method is not considered, since it implies a large computational effort and was previously shown to have no significant advantages over the other methods. 9 
Experimental Methods

Computational Details.
All the calculations were performed on a personal computer, using the Gaussian 03W (G03W) package. 11 In view of the allowed free rotation of the amine groups, three geometriesstwo C 2V (cDDP1 and cDDP3) and one C s (cDDP2)swere considered ( Figure 1 ). All attempts in order to optimize geometries with all the hydrogen bonds lying out of the Pt-Cl plane failed, as they converged to one of those three conformers.
All geometries were fully optimized by the Berny algorithm, using redundant internal coordinates, within symmetry constrains. The optimization convergence criteria for the cutoffs of forces and step sizes considered were as follows: 0.000015 Hartree/Bohr for maximum force, 0.000010 Hartree/Bohr for root-mean-square force, 0.000060 Bohr for maximum displacement, and 0.000040 Bohr for root-mean-square displacement (G03W keyword opt)tight). In all cases, vibrational frequency calculations were performed, at the same theory level, in order to confirm that the geometries correspond to a real minimum at the potential energy surface (no negative eigenvalues) as well as to quantify the zero-point vibrational energy correction (zpve).
Description of the nitrogen and chloride atoms was based on two standard non-splitted valence ECPs (as implemented in G03W program package) by using the keywords LANL2MB (which considers the all-electron STO-3G 12 basis set for the nitrogen and the ECP of Hay and Wadt 13 for the chloride) and CEP-4G (which uses the ECPs of Stevens et al. 14 for both nitrogen and chloride atoms). The effect of splitting both the nitrogen and the chloride valence shells was considered by using either CEP-31G 14 or LANL2DZ keywords (this option uses the D95V 15 basis set for nitrogen and the ECPs of Hay and Wadt 13 in a double-splitting for chloride). For the description of the H and Pt atoms, the theoretical levels previously reported 9 were appliedsthe standard AE 3-21G basis set and the relativistic pseudopotential of Hay and Wadt 16 (G03W keyword LANL2DZ), respectively.
The effect of considering a polarization function at the Ptatom was also tested, by augmenting the valence shell with an f-function ( Pt ) 0.993). 17 Moreover, introduction of polarization functions on both nitrogen and chloride atoms was taken into account, by including a d-polarization function in the corresponding valence shells ( N ) 0.8 and Cl ) 0.75). 18 In order to evaluate the effect of electron correlation (known to be particularly important in systems containing transition metal atoms 19 ), different theory methods were considered. Thus, all ECP combinations were tested within HF and two different DFT protocols: (i) the widely used B3LYP, which includes a mixture of HF and DFT exchange terms and the gradientcorrected functionals of Lee, Yang and Parr, as proposed and parametrized by Becke; 20, 21 (ii) mPW1PW, which considers a modified version of the exchange term of Perdew-Wang and the Perdew-Wang 91 correlation functional. 22, 23 For each of these DFT approaches, the effect of two different integration grids was assessed: (i) a pruned grid of 75 radial shells and 302 angular points per shell (G03W keyword grid)75302, specifying a FineGrid), and (ii) a pruned grid of 99 radial shells and 590 angular points per shell (G03W keyword grid)99590, defining an UltraFineGrid).
The different theoretical approaches and ECPs combinations are collected in Table 1 , along with the corresponding nomenclature used throughout the text and Tables.
Theoretical Methods and Evaluation of the Accuracy Level.
The aim of the present work is to develop a theoretical approach coupling the best possible theoretical description of the experimental data available for cDDP, to a low computational cost. Similar to the former AE study on cDDP, 9 a comparison between the calculated values of both structural parameters and vibrational frequencies and the corresponding experimental values was performed (for further details on this accuracy evaluation procedure, please refer to ref 9). Table 2 presents the bare relative energies calculated for the three cDDP optimized geometries using the different ECPs augmented polarization functions at all the heavy atoms. Tables S2a, S2b, S2c, and S2d of the Supporting Information comprise, respectively, the energetic results obtained with ECPs plus d-polarization functions at the N and Cl atoms, f-polarization function at the Pt center, without polarization functions, and using the UltraFineGrid option without polarization functions in the case of the DFT calculations. As previously found in the AE calculations, 9 an improvement of the Integration Grid does not affect the ∆E values between conformations (Table S2c vs Table S2d ). Table 2 shows that the DFT protocols are unanimous in predicting a single minimumscDDP1sfor the cDDP isolated molecule, as previously found. 9 Removal of either the fpolarization function at the Pt-atom (Table S2a) or the dpolarization functions at the N-and Cl-valence shells (Table  S2b) were not found to affect the final result. On the other hand, concerning the magnitude of the calculated energy differences between conformations, it is evident that inclusion of an f-polarization function at the metal has a negligible effect (Table  2 vs Table S2a, or Table S2b vs S2c). A decrease of the ∆E values is generally observed upon introduction of d-polarization functions in the Cl-and N-valence shells (Table S2b vs Table  2, or Table S2c vs Table S2a ). The only exception is observed with ECP4, as considering a d-polarization function to describe The calculated values after zpve energy correction are presented in parenthesis when the conformation was found to be a real minimum at the potential energy surface.
Results and Discussion
Conformational Analysis.
the N and Cl atoms leads to an increase of the ∆E values within both DFT protocols (Table S2b vs Table 2 or Table S2c vs  Table S2a ). However, this result seems to be in better conformity with the ones obtained with the other DFT/ECP combinations.
When considering the change of ECP within each theoretical level, it can be observed that the splitting of the N-and Clvalence shells (ECP1 f ECP2 and ECP3 f ECP4) leads to a general decrease of the ∆E values. Both the f-polarization function in the Pt-valence shell and the type of integration grid have a minor effect on the magnitude of the ∆E values.
As for the AE basis sets, 9 the presently reported HF results are strongly dependent on the type of ECP considered. For the ECPs of Hay and Wadt 13 (HF-ECP1 and HF-ECP2), a single minimum (cDDP1) is predicted, and the splitting of the valence shell (HF-ECP1 f HF-ECP2) causes an increase of the conformational energy differences. ECP improvement through inclusion of polarization functions does not change the stability order between conformers, affecting only the magnitude of the ∆E values. In turn, when the ECPs of Stevens et al. 14 (HF-ECP3 and HF-ECP4) are used, more than one conformation is predicted to be a real minimum. If no polarization function is considered (Table S2c) ECP3 and ECP4 yield distinct global minima. In other words, the splitting of the valence shell (ECP3 f ECP4) leads to a change of the lowest energy conformer from cDDP1 to cDDP3. Regarding this cDDP1/cDDP3 relative stability, addition of an f-polarization function to the metal valence shell is found to be irrelevant (Table S2b) . On the other hand, inclusion of polarization functions at both the N-and Clvalence shells is mandatory, as it renders cDDP1 the global minimum at both HF-ECP3 and HF-ECP4 basis sets (Tables  S2a and 2) .
On the whole, these results show that the use of effective core potentials for the study of cDDP-like systems requires the inclusion of polarization functions at the nonmetal heavy atoms, mainly when using HF approaches. In contrast, the effect of considering f-polarization functions at the platinum atom is negligible. In the case of the DFT calculations, improvement of the integration grid is also negligible.
3.2. Structural Analysis. As for the AE accuracy evaluation, 9 the following structural and vibrational analysis is solely performed for the cDDP1 geometry, since this is either the only real minima or the lowest energy conformer yielded by the different theoretical approaches used. Table 3 lists the optimized structural parameters calculated by the four ECP methodologies augmented with d-polarization functions at the N-and Cl atoms, and LANL2DZ plus an f-polarization function at the Pt-valence shell. The ∆-values for each structural parameter, as well as the overall ∆∆-values determined for each ECP combination, are represented in boldface (for definition of ∆-and ∆∆-values see 9 and the footnote of Table 3 ). All other results, obtained using dpolarization functions at both the N-and Cl atoms, augmented with an f-polarization function to describe the Pt center, no polarization functions, or the UltraFineGrid option, are comprised in the Supporting Information (Tables S3a, S3b , S3c, and S3d, respectively).
As expected, the lowest overall mean percent deviations (∆∆-values) are obtained when using polarization functions at all heavy atoms. The overall accuracy increases according to the sequence: no polarization function (Table S3c) f polarization function at the metal atom (Table S3b ) f polarization functions at the N and Cl atoms (Table S3a) f polarization functions at all heaVy atoms (Table 3 ). The highest accuracy improvement is obtained by inclusion of d-polarization at the N-and Cl-valence shells (Table S3b f Table 3 or Table S3c f Table  S3a) , which leads to improvements in the range of 0.3-1.1%, while addition of an f-polarization function at the metal valence shell (Table S3a f Table 3 or Table S3c f Table S3b ) is responsible for improvements not higher than 0.3%. Considering both types of polarization functions (Table S3c f Table 3) yields an overall improvement approximately equivalent to the sum of the individual improvements.
It is interesting to note that when d-polarization functions are considered for describing the N and Cl atoms, the valence shell splitting is avoidable (ECP1f ECP2 and ECP3 f ECP4). In fact, the valence shell splitting leads to variations of the ∆∆-values not larger than 0.5% (Table S3c) , while addition of polarization functions to describe these atoms (Table S3b f  Table 3 or Table S3c f Table S3a ) yields an accuracy enhancement higher than 0.8% for all ECPs but one (ECP4 for which the improvements are 0.2-0.5%). Hence, from an overall accuracy point of view, ECP3 is the best choice when dpolarization functions are added at the N and Cl atoms. Otherwise, the corresponding splitted valence shell (ECP4) should be chosen. Finally, the best overall accuracy is achieved through the use of the mPW1PW protocol, independently of the complexity of the N-and Cl-valence shells. On the whole, the mPW1/ECP3(d)/LanL2DZ theoretical level seems to be the best choice.
At this stage, the efficiency of the different theoretical levels to describe each structural parameter individually should be evaluated, knowing in advance that any improvement of the integration grid in the DFT calculations has no influence in this predicting ability.
Bond Distances. Regarding the Pt-Cl distance, it is evident that the description of this structural parameter generally improves in the sequence observed for the overall mean percent deviation (∆∆-values): no polarization function (Table S3c) f polarization function the metal atom (Table S3b) f polarization functions at the N and Cl atoms (Table S3a) f polarization functions at all heaVy atoms (Table 3 ). The only exception is observed for the mPW1PW results, for which a clear worsening is usually observed when going from polarization functions at the N and Cl atoms to polarization functions at all heavy atoms (Table S3a vs Table 3 ). While the reasons for this behavior are still not clear, it should be noticed that the effect of the addition of an f-polarization function at the metal is quite small when compared to the effects of the addition of d-polarization functions at the N and Cl atoms, independently of the ECP and the theoretical method considered (either HF or DFT). In other words, the largest improvement in the description of the Pt-Cl parameter is achieved by inclusion of polarization functions to describe the N and Cl atoms (Table  S3b f Table 3 or Table S3c f Table S3a ).
As to the Pt-N distance, the three methods used lead to overestimated distances, regardless of the ECP improvements introduced and of the theoretical protocol used. In contrast to the Pt-Cl bond, the use of f-polarization functions to describe the platinum valence shell corresponds to an ECP improvement that leads to the best theoretical-to-experimental agreement (Table S3a f Table 3 or Table S3c f Table S3b ). Inclusion of a d-polarization function at the N and Cl atoms leads to a general worsening of the Pt-N description (Table S3b f Table  3 or Table S3c f Table S3a ), this effect being more pronounced for ECP1.
Concerning the choice of the ECP, it can be verified that the ECPs of Hay and Wadt, 20 in a minimal valence splitting scheme (ECP1) yield the best accuracy, in all cases. Furthermore, as verified for the Pt-Cl distance, the mPW1PW DFT protocol yields the lowest deviations between theory and experiment for all ECPs tested, independently of the valence shell improvements adopted.
Bond Angles. In agreement with the results obtained by the AE basis sets, 9 all ECPs presently used yield overestimated ClPt-Cl and N-Pt-N angles, and underestimated Cl-Pt-N values, within all three considered theoretical protocols. This may result from the formation of intramolecular N-H‚‚‚Cl close contacts, which lead to a decrease of the Cl-Pt-N angle and concomitantly to an opening of the other bond angles within the molecule. In order to account for the effects of these interactions, calculations concerning the dimeric structures held by N-H‚‚‚Cl intermolecular contacts, and evidenced in the X-ray structure reported in the literature, are currently understudy. This will hopefully allow a better representation of the structural parameters of cDDP (and of other small Pt(II) complexes), in particular of the bond angles.
The largest deviations detected are, once again, observed for the N-Pt-N angles, while the best theoretical-to-experimental agreement occurs for the Cl-Pt-Cl values. Moreover, the best prediction of the latter is obtained with the mPW1PW protocol that yields slightly better results than B3LYP. On the contrary, the other two bond angles are better described within the HF methodology. These discrepancies are probably related to the different weight given by the two theoretical protocols (HF and DFT) to the hydrogen bonding interactions occurring in the system, either attractive (N-H‚‚‚Cl) or repulsive (H‚‚‚H and Cl‚‚‚Cl). This weighting clearly defines which bond angles will open and which will close during the optimization process, relative to the perfect square planar geometry (all bond angles equal to 90°C). Using ECP3 as an example (since it yields the lowest rms value Table 3), the corresponding N-H‚‚‚Cl distances are 257.5 pm (HF-ECP3), 250.3 pm (B3L-ECP3), and 248.5 pm (mPW1-ECP3), clearly showing that these intermolecular close contacts become more important for the DFT protocols, particularly for mPW1PW.
The results obtained along this work also indicate that meaningful improvements in the description of the cDDP bond angles are only achieved by adding polarization functions at the N-and Cl-valence shells while the inclusion of an fpolarization function at the metal has an almost negligible effect (Table S3c f Table S3a vs Table S3c f Table S3b and Table  S3a f Table 3 ). Addition of d-polarization functions to the valence shells of the nonmetal heavy atoms, in turn, renders the minimal ECP3 more accurate than the corresponding double-splitted scheme (ECP4). On the whole, the predicting accuracy for the three cisplatin bond angles increases in the order: ECP4 f ECP4 + f-polarization function (at the metal) f ECP3 + d-polarization functions (at the N and Cl atoms). It is thus possible to conclude that the best overall agreement for cDDP (lowest ∆∆-value) is achieved with the mPW1PW functional coupled to either the ECP3 or ECP4 approaches (with or without d-polarization at the nonmetal heavy atoms, respectively). Addition of f-polarization functions to the ECP describing the platinum center (LANL2DZ) leads only to slight improvements, which are more pronounced for the description of the Pt-N distance.
In view of attaining a final decision on the best choice for a suitable theoretical methodology for representing this type of cisplatin-like molecules, an evaluation of their efficacy for predicting the corresponding vibrational frequencies of cDDP must be undertaken.
3.3. Vibrational Analysis. Table 4 lists the computational time required for a vibrational frequency calculation for cDDP, at the different theoretical levels tested. As expected, both the inclusion of polarization functions and splitting of the N-and Cl-valence shells are responsible for an increase of the computational time. This CPUT (central processor unit time) increase is larger when d-polarization functions are added to describe both N and Cl atoms than when considering an f-polarization function at the metal. For all the ECPs tested, the DFT calculations were found to be more time-consuming than the HF ones.
In general, the vibrational frequencies (ω) are overestimated relative to the experimental ones (ν), which justifies the common practice of scaling the theoretical values. While extensive work has been carried out for organic compounds in order to standardize these scaling factors, 24 no studies are to be found on this subject for inorganic systems. In the authors' previous work, 9 different scaling approaches were tested and assessed for cisplatin, leading to distinct scaling factors for each allelectrons theoretical level considered. A similar evaluation is presented in this study, for the different ECP combination schemes tested.
The use of a single scaling factor (Tables S5a, S5b , S5c, and S5d) is not suitable, since it yields relatively high rms values (indicative of a low accuracy), independently of the theory level used. An increase in the number of scaling factors to two (one for the vibrational modes above 400 cm -1 and another for those predicted below 400 cm -1 ) leads to a modest accuracy improvement (Tables S5e, S5f , S5g, and S5h). In order to obtain a significant decrease of the rms values, a three-factor approach was found to be required. The results yielded by this approach, for the different theoretical levels considered, are compiled in Tables S5i, S5j , S5k, and S5l. The grouping scheme of the different vibrational modes was subject to a trial and error process in view of achieving the best approach, corresponding to the smallest overall error (lowest rmsssee ref 9 for more details).
Grouping of the vibrational modes within the three frequency sets is dependent on the ECP approximation, on the valence shell improvement considered (with or without polarization functions) and on the theoretical method used. Addition of polarization functions to the N-and Cl-valence shells generally leads to an increase of the overall error (increase of the rms values) in all cases but four (Table S5l vs Table S5j ). Exceptions are observed when using ECP2 and ECP3, for both DFT protocols. Table 5 presents the best grouping scheme determined for the cDDP vibrational modes, the corresponding scaling factors, and the CPUT for each theoretical level considered. Based on Scaling Factors (λ g ) and Rms Values Obtained Using the ECPs Considered at the Nonmetal Atoms and LANL2DZ at the Pt Atom both the rms and CPUT criteria, ECP1 (with no polarization functions) appears to be the best choice, independently of the theoretical method used (either HF or DFT).
At this point, it may be concluded that the best prediction of the cisplatin experimental vibrational frequencies is obtained using a three-factor scaling, without polarization functions. Additionally, this approach leads to the lowest computational cost. Table 6 comprises the calculated scaled vibrational frequencies for cDDP (above 160 cm -1 ), obtained in the light of the best accuracy/CPUT relationship, chosen from Table 5sHF -ECP1, B3L-ECP1 and mPW1-ECP1salong with the experimental FT-Raman wavenumbers. Careful analysis of this data evidence that the major deviations occur for wavenumbers above 700 cm -1 , the N-H‚‚‚Cl interactions being the most likely reason for these shifts. It should not be forgotten, however, that all calculations are performed for the isolated molecule, while the experimental spectra are obtained in the solid state, where the intra-and intermolecular interactions play an essential role. As for the angles of the molecule, these deviations are probably diminished if the effect of the intermolecular N-H‚‚‚Cl contacts (by considering dimeric structures) are taken into account.
Interestingly, the HF-ECP1 combination displays the best accuracy in the prediction of the cisplatin vibrational modes, with the lowest computational cost. Within the DFT methods, mPW1PW and B3LYP present comparable accuracies, B3LYP being slightly better.
The lower vibrational modes are not considered in this analysis since they are strongly dependent on the interactions present at the solid state and affected by the dispersion of the lattice.
Conclusions
In this work, a conformational and vibrational analysis of the anticancer drug cisplatin was performed. Following a reported study aiming at determining the best theoretical combination for the description of this type of Pt(II) compounds, with the best accuracy/computational cost ratio, 9 the ECP approach was presently tested in order to compare with the previous AE results. For the majority of the theoretical approaches undertaken, only one real minimum was found from the three possible geometries for the isolated molecule. This conformer was selected to undergo a thorough structural and vibrational analysis.
HF and the mPW1PW DFT functional were shown to be the best protocols to perform a cDDP structural analysis, while the widely used B3LYP functional led to the worse results. For predicting the experimental vibrational spectra above 160 cm -1 , HF showed the best performance, yielding the minimum error at the lowest computational cost. However, this method was not totally consistent for the very low frequencies modes, as opposed to the density functionals, which displayed a clear advantage in this spectral region. Furthermore, although the HF approach has shown to be quite appropriate, with a low computational cost, it has to be kept in mind that if there is no reliability regarding the most stable cDDP structure, the whole study looses its purpose even if it can be achieved at a low computational cost.
On the basis of the data obtained for both the structural and vibrational calculations, it appears that mPW1PW is the best method for an accurate and inexpensive representation of cDDP.
Regarding the ECPs performances, ECP1 (LANL2MB) yielded the best vibrational results and ECP3 (CEP-4G) is responsible for the best structural parameters (Table 7) , both representing clear advantages over ECP2 (LANL2DZ), although the latter has been previously reported 25 to yield good results for the prediction of the structural and vibrational cisplatin parameters.
As to the improvement in the description of the atoms' valence shell, it was shown that the presence of polarization functions is very important for a suitable prediction of the structural parameters, while the best vibrational results were obtained without inclusion of polarization functions. Splitting of the orbitals leads in general, to a worsening of the results.
The combination [theoretical method/ECP/valence shell improvement] will thus have to be chosen in accordance with the type of analysis aimed at.
If only a structural study is aimed, not many problems arise, but in the case of a complete conformational analysis one feature will have to be sacrificedseither the accuracy or the computational costsand we will have to find a compromise between the two.
Most of the deviations observed in the present paper result from the absence of the effects of the intermolecular N-H‚‚‚ Cl interactions, known to affect significantly both the structural parameters and vibrational frequencies. In order to overcome a νs and νas stand for symmetric and antisymmetric stretching modes, respectively; δs and δas stand for symmetric and antisymmetric deformation modes, respectively; δ ) skeletal in-plane deformation modes; F and F′ stand for in-phase and out-of-phase rocking modes, respectively. (Table 5) .
e Theoretical scaled value (λ1 ) 0.91 (νNH3, δasNH3, and δN-Pt-Cl), λ2 ) 0.96 (FNH3 and δsNH3), λ3 ) 1.01 (νPt-N, νPt-Cl, δNl-Pt-N, and δCl-Pt-Cl) ( Table 5) . f Experimental FT-Raman frequencies.
9 g Observed in the FTIR spectra; probably strongly overlapped with the other δNH3 modes in the Raman spectrum. h Calculated with equation: 9 rms ) (∑ i)1 n ∆i)/n. i Computational time required for a frequency calculation, min:sec. these deficiencies, the dimeric structures of some small Pt(II) molecules held by that type of intermolecular contacts (and evidenced by the X-ray structures of the literature) are under study, namely for cDDP and Pt(en)Cl 2 . However, it has to be kept in mind that as the systems increases to polynuclear systems, for instance, the dimer simulations will quickly become prohibitive. Therefore, the study of the parent isolated molecule is of paramount importance, namely for the obtaining the vibrational scaling factors most appropriate for this type of systems. Table 7 gathers the results on the best performances of the ECPs and AE studies carried out for cisplatin. It is easily verified that the use of ECPs represents a clear advantage over the AE calculations: considerable reduction of the computational effort (particularly for the DFT protocols), while the accuracy is not largely affected. The most obvious case is the mPW1PW level, which yields even better results when combined to an ECP approach than when coupled to the more demanding AE basis sets. 
